Inhibition of protein oxidation and DNA damage by reactive oxygen species (ROS) would confer benefit to living organisms exposed to oxidative stress, because oxidized proteins are associated with many diseases and can propagate ROS-induced damage. In this study, the ability of the ethanol extracts of Hypericum retusum Aucher (HR) and Hypericum scabrum L (HSm) to protect bovine serum albumin (BSA) from oxidation and DNA damage by hydroxyl radical derived from the Fenton system (Fe 3+ /H 2 O 2 /ascorbic acid) were measured. The ethanol extracts of HR and HSm at different concentrations (50-1000 µg/mL) efficiently prevented protein oxidation induced by hydroxyl radicals as assayed by protein oxidation markers, including protein carbonyl formation (PCO) and polyacrylamide gel electrophoresis. The effect of ethanol extracts of HR and HSm on DNA cleavage induced by UV-photholysis of H 2 O 2 using pBluescript M13+ plasmid DNA were also investigated. These extracts significantly inhibited DNA damage induced by ROS. Therefore, Hypericum retusum, and Hypericum scabrum extracts may be useful in the food industry as effective synthetic antioxidants.
INTRODUCTION
Reactive oxygen species occur in tissues participating in potentially deleterious reactions controlled by a system of enzymatic and non-enzymatic antioxidants that eliminate pro-oxidants and scavenge free radicals. [1] Once radicals form they can either react with another radical or another molecule by various interactions. [2] The rate and selectivity of reactions of this type occurring depends on high radical concentration, delocalization of the single electron of the radical (thus increasing its lifetime), and the absence of weak bonds in any other molecule present with which the radical could interact. [3, 4] Oxygen is essential for life but can also harm cells. This is because active forms of oxygen, such
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as hydroxyl (OH) and superoxide (O 2 ) radicals, hydrogen peroxide (H 2 O 2 ), and singlet oxygen ( 1 O 2 ), arise as by-products and intermediates of aerobic metabolism and during oxidative stress. [5] Directly or indirectly, these chemical species of oxygen, as well as reactive species of nitrogen, can transiently or permanently damage nucleic acids, lipids, and proteins. [6] Oxidative damage to these cellular macromolecules is implicated in the genesis of several diseases, including neurodegenerative disorders, cancer, liver cirrhosis, cardiovascular diseases, atherosclerosis, cataracts, diabetes, and inflammation. [7] Compounds that can scavenge free radicals have great potential in ameliorating these diseases. [8] Phenolic compounds have been reported to play key antioxidant roles, especially using the mechanism of delocalization of the single electron of the radical. [9, 10] They may produce their beneficial effects by scavenging free radicals. [11] Recently, many researchers have taken a great interest in medicinal plants for their phenolic concentrations-related total antioxidant potential. [12, 13] It is reported that some medicinal plants contain a wide variety of natural antioxidants, such as phenolic acids, flavonoids, and tannins, which possess more potent antioxidant activity than dietary plants. [14] It is demonstrated that these compounds are of great value in preventing the onset and/or progression of many human diseases [15, 16] and protective effect on oxidative-induced DNA damage in rat liver and intestine. [17] [18] [19] Natural antioxidants are also in high demand for application as nutraceuticals, functional food, and bio-pharmaceuticals, because of consumers. Recently, the possibility that free radical damage to proteins might contribute to aging has also received attention. And several groups have focused their research in this area. [20] The genus Hypericum (Guttiferae) has received considerable interest from scientists, as it contains the variety of structurally diverse natural products, which possess a wide array of biological properties. [21] Recent studies have demonstrated that different species of Hypericum contain compounds, such as flavonoids, xanthones, and phenolic, and can be used as antioxidants. [22] Many pharmacological activities appear to be attributable to hypericin and the flavonoid constituents. [23, 24] Flavonoids, the main components present in Hypericum plants, have attracted considerable interest as dietary constituents. Recently, results from clinical studies indicate their possible role in preventing cardiovascular diseases and several kinds of cancer. [25] The genus Hypericum, which contains more than 400 species, is involved in relatively dry temperate zones of the world. In Turkey, the genus represents 89 species of which 43 are endemic. [26] These plants are used as sedatives and antiseptics in Turkish folk medicine under the names: kantaron, peygamber çiçegi, kanotu, kuzukıran, and binbirdelik otu. [27] Various extracts of different Hypericum species have been examined for their antiinflammatory, antimicrobial, antioxidant, and hypolipidemic activity. [28] [29] [30] [31] In the previous study, the antioxidative potential of ethanol extracts of HR and HSm were investigated using different antioxidant tests and 1 mg of HR and HSm ethanol extract was found to be equivalent to 226 and 262 µg of gallic acid, respectively. The authors' previous experiment showed that ethanolic extracts of HR and HSm exhibit antioxidant activity. [32] Many studies have also focused on DNA damage as estimated by the levels of 8-hydroxy-deoxyguanosine (8-OHdG) after exposure to reactive oxygen species (ROS). It appears that the most prevalent product of DNA oxidation that is detected in genomic DNA in mammalian cells is 8-hydroxy-2-deoxyguanosine. [33] Also, 8-OHdG is a promutagenic base modification that is rapidly removed from DNA by base excision repair mechanisms, although some evidence of removal by transcription-coupled and replicationassociated repair also is reported. [34] The half-life of 8-OHdG in mammalian DNA is estimated to be 11 min. [35] If DNA is replicated prior to repair of this base modification, 8-OHdG can cause G to T transversion mutations. [36] This type of mutation is reported in genes whose dysfunction is involved in the genesis of cancer. Such differences clearly obscure the ability to detect physiologically and/or pathophysiologically relevant levels of 8-OHdG and their modulation by antioxidants. Reactive species also damage proteins, several amino acids, especially arginine, histidine, methionine, and cysteine tend to undergo oxidation under conditions of antioxidant deficiency. The reaction products are a variety of protein carbonyls. The presence of carbonyl groups has, therefore, been used as a marker of ROS-mediated protein oxidation. [37] The end products of lipid peroxidation, such as malondialdehyde (MDA) and 4-hydroxy-2-nonenal (HNE), as well as products from polyunsaturated fatty acids cause protein damage. [38] Currently, many kinds of synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiary butyl hyroquinone (TBHQ), and propyl gallate (PG), which are commonly used in processed foods, are known to have toxic and carcinogenic effects on human health. Natural antioxidants, such as α-tocopherol and L-ascorbic acid, are widely used, because they are seen as being safer but their antioxidant activities are lower than those of synthetic antioxidants. [39] Based on accumulative evidence, in recent decades, tremendous interest has considerably increased in finding natural substances (i.e., antioxidants) present in foods or medicinal plants to replace synthetic antioxidants, which are being restricted due to their side effects. On the other hand, polyphenols, used as natural antioxidants, are gaining importance, due to their health benefits for humans, decreasing the risk of cardiovascular and degenerative diseases by reduction of oxidative stress and counteraction of macromolecular oxidation. [40, 41] There are some reports in the literature showing the protective effects of crude extracts of plants or their constituents against protein oxidation and DNA damage induced by ROS. [42, 43] It has been shown that extracts from Indian medicinal plants have a significant effect on DNA cleavage induced by UV-photolysis of H 2 O 2 .
[44 ] Guglielmi also showed that 4-coumaric acid, a common constituent of some human diets, can reduce basal DNA oxidative damage and induce some GSH-related enzymes. [45] So far, there are negligible reports related to the protective ability of HR and HSm extracts on protein and DNA damage. According to our previous experimental results, this study focuses on the protective effect of ethanol extract of HR and HSm against protein oxidation and DNA damage caused by reactive oxygen species (ROS).
MATERIALS AND METHODS

Collection of Plant Material
Plants Hypericum scabrum L. 
Preparation of Crude Extract
Crude extracts were prepared as described before. [46] Briefly, aerial parts (stems, leaves, and flowers) of HSm and HR were dried for 10 days at room temperature. A total of 20 g of dried material was ground in an electric blender and then incubated into a glass flask with 2000 mL ethanol (70%) for 3 days under a magnetic stirrer. Solvent was evaporated under vacuum and the crude ethanol extracts of HSm (5 g) as a dark yellow colour and HR (5 g) as a green colour were obtained and kept in dark glass bottles at 4
• C until use.
Protein Oxidation
The effects of ethanol extract of both HSm and HR on protein oxidation were carried out according to the slightly modified method of Wang. [47] Bovine serum albumin (BSA) was oxidized by a Fenton-type reaction. The reaction mixture (1.2 mL), containing sample extract (50-1000 µg/mL), potassium phosphate buffer (20 mM, pH 7.4), BSA (4 mg/mL), FeCl 3 (50 µM), H 2 O 2 (1 mM), and ascorbic acid (100 µM) were incubated for 30 min at 37
• C. For determination of protein carbonyl content in the samples, 1 mL of 10 mM 2,4-dinitrophenylhydrazine (DNPH) in 2 M HCl was added to the reaction mixture. Samples were incubated for 30 min at room temperature. Then, 1 mL of cold TCA (10%, w/v) was added to the mixture and centrifuged at 3000g for 10 min. The protein pellet was washed three times with 2 mL of ethanol/ethyl acetate (1:1, v/v) and dissolved in 1 mL of guanidine hydrocholoride (6 M, pH 2.3). The absorbance of the sample was read at 370 nm. The data were expressed in terms of percentage inhibition, calculated from a control measurement of the reaction mixture without the test sample. BHT was used as a standard and the inhibition percentage of protein oxidation of the sample was calculated by the following equation:
where A c is the absorbance of the control, and A s is the absorbance in the presence of samples of extracts or standard.
SDS-Polyacrylamide Gel Electropheresis (SDS-PAGE)
To investigate electrophoretic patterns of protective ability of ethanol extracts of HSm and HR on proteins against H 2 O 2 /Fe 3+ /ascorbic acid attack, bovine serum albumin (BSA) was used as a model protein. BSA (1 mg/mL) was dissolved in 20 mM of potassium phosphate buffer (pH 7.4) and then 50 µM FeCl 3 , 1 mM H 2 O 2 , and 100 µM ascorbic acid were added in the reaction mixture and incubated in the presence or absence of butylated hydroxytoluen (BHT) (50-1000 µg/mL), ethanol extracts of HSm (50-1000 µg/mL), and ethanol extract of HR (50-1000 µg/mL) in a final volume of 1.2 mL. After incubation for three hours at 37
• C, the reaction mixture was analyzed by electrophoresis in 10% sodium dodecyl sulfate-polyacrylamide gels, using Laemmli's method. [48] Samples were mixed with equal volumes of sample buffer (Tris HCl pH 6.8, 2% SDS, 5% 2-mercaptoethanol, 10% sucrose, and 0.002% Bromophenol blue). The mixture was then boiled for 5 min and 5 µL of each sample was loaded to the wells. The gel was run in a BioRad tank in running buffer (25 mM Tris pH 8.3, 190 mM glycine, and 0.1% SDS) at a maximum voltage and a constant current of 25 mAmp for a mini gel, using a BioRad 1000/500 power supply. Gels were stained with 0.15% Coomassie brillant blue R-250 for two hours and then destained and digitally photographed.
Measurement of Band Intensity and Graph Representation
To determine the amount of protein and DNA damage, band intensity was estimated using the gel documentation system (Gel-Doc-XR; BioRad, Hercules, CA, USA). Bands on the gels were quantified discovery series Quantity One programme (version 4.5.2, BioRad Co.). The density of each band was estimated and standardized with respect to the control group. Results show the average of three different measurements.
DNA Oxidation
DNA damage protective activities of ethanol extract of HSm and HR were checked on pBluescript M13+ plasmid DNA. Plasmid DNA was isolated by Qiagene plasmid mini prep kit. Plasmid DNA was oxidized with H 2 O 2 + UV treatment in the presence of different concentrations of HSm or HR extracts and checked on 1% agarose according to Attaguile et al. [49] after modification. In brief, the experiments were performed in a volume of 10 in a microfuge tube containing 200 ng of plasmid DNA in phospate buffer (7.14 mmol phospate and 14.29 mmol NaCl), pH 7.4, H 2 O 2 was added at a final concentration of 2.5 mmol/L with and without 1µL of (100, 200, 300, 400 µg/mL) ethanol extracts of HSm and HR. The reactions were initiated by UV irradiation and continued for 5 min on the surface of a UV transilluminator (8000 µW cm −1 ) at 300 nm under room temperature. After irradiation, the reaction mixture (10 µL) with gel loading dye was placed on 1% agarose gel for electrophoresis. Electrophoresis was performed at 40 V for 3 h in the presence of ethidium bromide (10 mg/mL). Untreated pBluescript M13+ plasmid DNA was used as a control in each run of gel electrophoresis along with partial treatment (i.e., only UV treatment and only H 2 O 2 ). Percent inhibition of the DNA strand scission was calculated as follows [50] :
where S m+a is percent remaining supercoiled after treatment with mix plus agent, S c is percent remaining supercoiled in control untreated plasmid, and S m is percent remaining supercoiled with mix without agent.
Densitometric Analysis of Treated and Control pBluescript M13+ Plasmid DNA
Gel was scanned on a Gel documentation system (Gel-Doc-XR; BioRad, Hercules, CA, USA). Bands on the gels were quantified discovery series Quantity One programme (version 4.5.2, BioRad Co.).
Statistical Analysis
Data are presented as the means ± SD. Significant differences among the groups were determined by one-way ANOVA using SPSS 12.0 (SPSS, Chicago, IL, USA) software package program. The results were considered significant if the value of p was less than 0.05. Differences were considered significant at p < 0.05.
RESULTS AND DISCUSSION
Antioxidant activity has been directly linked to the presence of phenolic moieties present in the molecular structure of natural antioxidants. Many phytochemicals having phenolic moieties have been shown to exhibit antioxidant activity. [51, 52] Due to the presence of the conjugated ring structures and hydroxyl groups, many phenolic compounds have the potential to function as antioxidants by scavenging a superoxide anion, [53] singlet oxygen, [54] lipid peroxy radicals, [55] and stabilizing free radicals involved in oxidative processes through hydrogenation or complexing with oxidizing species. [56] Some synthetic and natural phenolic compounds utilised in food preservation, protect lipids against oxidation but can accelerate oxidative damage to carbohydrate or DNA. [57] The polyphenol plant extracts content seems to be responsible for the scavenging activity of the reactive oxygen species (ROS), resulting in protection against protein oxidation and DNA damage induced by oxidative stress.
ROS are involved in the normal physiology of living organisms. They act as a messenger for signal transduction and also affect gene expression. [58] Besides, ROS are also involved in the pathogenesis of several chronic diseases, such as aging; neurodegenerative diseases; rheumatoid arthritis; and metabolic diseases like hypertension, diabetes, atherosclerosis, etc. [59] [60] [61] The effect of ethanol extracts of HSm, HR, and BHT, on oxidative damage of bovine serum albumin (BSA) induced by
• OH is shown in Fig. 1 . ROS attack the polypeptide backbone of proteins and lead to the formation of alkyl, alkoxyl, and alkylperoxyl radical intermediates, which set the stage for cleavage of the peptide bond via several means. Tryptophan, histidine, and cysteine residues are especially prone to oxidative attack. The oxidation of those residues may also yield carbonyl derivates. Major molecular mechanisms, leading to structural changes in proteins are free-radical mediated protein oxidation characterized by carbonyl formation (PCO). Indeed, measurement of PCO has been used as a sensitive assay for oxidative damages of proteins. [62] This then can be detected by various means, such as spectrophotometric assay, enzyme-linked immunosorbent assay (ELISA), and one-dimensional or two-dimensional electrophoresis followed by Western blot immunoassay. [63] In the present investigation, BHT, HSm, and HR in the range of 50-1000 µg/mL, showed concentration-dependent reduction of albumin oxidation, induced by the H 2 O 2 /Fe 3+ /ascorbic acid system, which resulted in formation of a carbonyl group. The effect of BHT and ethanol extracts of HR and HSm at 1000 µg/mL, reached a plateau of 57 ± 3.7%, 51 ± 5.6%, and 52 ± 4.0% inhibition, respectively. BHT and ethanol extracts of HR and HSm showed a significant inhibitory effect compared with the control (p < 0.05). When BHT compared with ethanol extracts of HR and HSm, the former had a significant inhibitory effect than the latter, at all concentrations. However, at the range of 100-1000 µg/mL, no significant difference was found between inhibitory effect of BHT and ethanol extracts of HR and HSm. Figs. 3a and b, 4a and b. Densitometric analysis of each protein band showed a quantified gel image and confirmed that the protective effect of HR and HSm on protein against ROS attact more clearly. Ethanol extracts of HR (Figs. 3a and b) , at the range of 250, 500, and 1000 µg/mL, protected BSA in a significant manner and also restored the BSA band intensity to 66 ± 6.0%, 75 ± 2.8%, and 96.87 ± 4% of control levels, respectively.
Ethanol extracts of HSm (Figs. 4a and b) , in the range of 50-1000 µg/mL, showed a concentration-dependent inhibition of protein oxidation induced by Fe 3+ /H 2 O 2 /ascorbic acid system. At the range of 100, 250, 500, and 1000 µg/mL concentrations, HSm restored the BSA band intensity to 54 ± 4.5%, 59 ± 2.4%, 65 ± 2.8%, and 92 ± 4.0% of control levels, respectively. At these concentrations, ethanol extracts of HSm protected BSA significantly and 1000 µg/mL of HSm almost completely prevented the oxidative degradation of BSA.
Deoxyribonucleic acid is a particularly important target for oxidation, as damage may lead to heritable alterations. Consequently, damage to DNA has been well studied, and several classes of product identified: base oxidation and fragmentation products (e.g., single-and double-strand breaks); inter/intra-strand cross-links; DNA-protein cross-links; and sugar fragmentation products. The hydroxyl radical is perhaps the most frequently considered of damaging species, with over 20 different products formed from OH radical attack on the bases in DNA. Data accumulated over many years clearly show that oxidative DNA damage plays an important role in a number of disease processes. Thus, oxidative DNA damage is implicated in carcinogenesis and neurodegenerative diseases, such as Alzheimer's disease. There is also strong evidence for the role of this type of DNA damage in the aging process. indicating that OH radical generated from UV photolysis of H 2 O 2 produced DNA strand scission. The addition of extracts (Figs. 5b and 6b, lanes 7-10) to the reaction mixture suppressed the formation of linear DNA and induced a partial recovery of scDNA. The inhibition activities of the ethanol extracts of HR and HSm on DNA damage were 84.00 ± 1.52%, 95.00 ± 1.0%, 98.00 ± 0.87%, 98.00 ± 1.6% and 87 ± 1.7%, 90.00 ± 1.1%, 95.00 ± 1.2%, 95.00 ± 1.6% at the concentrations of 100, 200, 300, and 400 µg/mL, respectively. These inhibitory activities on DNA damage slightly increased with each increment of the concentrations. In Figs. 5b and Fig. 6b (1 mM), and ascorbic acid (100 µM) were incubated for 3 h at 37 • C. The oxidative damage of BSA was quantified by SDS-PAGE. SDS gels were digitally photographed and the integrated density of band measured using discovery series Quantity One Programme (version 4.5.2. BioRad Co. hydroxyl radical scavenging effect. In order to characterize the oxygen radicals leading to DNA cleavage, the effects of three free radical scavengers (DMSO, thiourea, and KI) were studied. It has been found that ethanol extracts of HSm and HT have more protecting activity than DMSO, thiourea, and KI on DNA cleavage (data not shown). Thus, the identification of natural products able to give protection against UV radiation-induced inflammatory responses and the generation of oxidative stress may have important human health implications. The DNA cleavage analysis demonstrated the strong antioxidant properties of HSm and HT. In fact, both these extracts suppressed the formation of linear DNA, generated by exposure of plasmid DNA to OH radical generated by UV-photolysis/H 2 O 2 , and induced a partial recovery of scDNA. DNA damage protecting activity of both extracts are corresponding to its antioxidant potential. 
CONCLUSIONS
The present study suggested that the ethanol extracts of HR and HSm have antioxidative activity, which was capable of supressing DNA cleavage and protein oxidation in vitro. These Hypericum species may be used as a source of natural antioxidants to stabilize food against oxidative deterioration or as biologically active products to protect cells from damage and may be beneficial in the prevention of reactive oxygen species (ROS)-related diseases, such as cardiovascular, inflammatory, and cancer. The phenolics might be the major active component responsible for the strong antioxidant activity. However, a more detailed investigation between the individual phenolic compounds present in Hypericum species and the antioxidant activities needs to be carried out. The mechanism(s) of antioxidant action of Hypericum species remain(s) open for investigation. 
